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The composites of CaCu3Ti4O12-
x(NaBi)0.5Cu3Ti4O12, i.e. CCTO-xNBCTO, were 
prepared for x value from 0 to 0.1. Ultrahigh 
dielectric constant, =7105, and dielectric loss, 
tan= 0.48, of the composites with x=0.05 were 
obtained. The relations between crystal structures 
with XRD spectra and dielectric properties with 
LCR measurement were investigated, in which. An 
internal barrier layer capacitance effect is used to 
explain the mechanism of such dielectric behavior. 
The frequency dependence of the dielectric 
constant of CCTO-NBCTO composites were 
measured from 20Hz to 1MHz, showing that the 
loss tangent apparently decreased with the increase 
of frequency. The temperature dependence of both 
the dielectric constant and loss tangent of the 
samples were also obtained. It was found that the 
dielectric properties was almost independent of 
temperature in the range from -20°C to 80°C, 
however, the loss tangent were increased 
dramatically with a further increase in temperature, 
above 80°C. 
Introduction 
Since Subramanian1 found the CCTO has giant 
dielectric properties, CCTO has attracted many 
researchers’ interest2-5. This kind of dielectric 
material has very high dielectric constant in a wide 
temperature range, so the electronic components 
miniaturization is desirable. In addition, Chung6 
observed this material also has non-Ohmic behavior 
with insulating grain boundaries act as potential 
barriers, which are very similar to the other metal 
oxide varistors, i.e. ZnO.7 Recently, the stacking 
faults model based on polaronic defects has been 
reported to explain the characteristics of the 
semiconducting and dielectric coexistence, namely 
nanosized barrier layer capacitor(NBLC).8-10 These 
two models work together, so IBLC model of grain 
boundaries and polarization defects can be used to 
explain the giant dielectric properties of CCTO. 
But, the dielectric permittivity and dielectric loss 
increase in proportion, indicating the dissipation 
factor of the material is relatively too high from an 
application point of view. 
In this work, we prepared the (1-x)CCTO-
xNBCTO composite materials in different weight 
ratio of x (x=01wt%5wt%10wt%), and we 
investigated the frequency dependence of dielectric 
properties, temperature dependence of dielectric 
properties and electric conductivity of the CCTO-
NBCTO ceramics in detail. 
Experiment 
(NaBi)0.5Cu3Ti4O12 powder was rstly fabricated 
through a conventional solid state reaction process, 
respectively, by mixing appropriate quantities of 
high purity Na2CO3, Bi2O3, CuO and TiO2 as raw 
materials. The starting materials were mixed and 
ball milled overnight in alcohol. The mixture was 
calcined at 850°C for 4h and then regrouded for 
powder. CaCu3Ti4O12 was synthesized by 
coprecipitation method according to literature11. 
Both of the synthesised CaCu3Ti4O12 and 
(NaBi)0.5Cu3Ti4O12 powder had a cubic structure as 
conrmed by XRD at room temperature. After that, 
CaCu3Ti4O12 and (NaBi)0.5Cu3Ti4O12 powders were 
then mixed in different weight ratio in an agate 
mortar and were pressed into discs approximately 
13 mm in diameter and 1.5 mm in thickness. 
Finally, these pellets were sintered at 1080°C for 
3h. XRD was conducted on sintered ceramic pellets 
by using an automated diffractometer (X’Pert PRO 
MPD, Philips) with Cu Ka1 radiation (= 
1.5406Å). The micro-structure evolution was 
studied using SEM (Philips XL30, Holland). The 
ceramic specimens were polished and electroded by 
silver paint on both sides of the disk-shape 
specimens red at 600°C for 30 min. The dielectric 
response and impedance spectroscopy were 
measured by an Agilent 4284A LCR meter over a 
frequency range of 20Hz to 1MHz. 
Results and Discussion 




Figure 1 shows the XRD patterns of the samples 
after sintering at 1080°C for 3h. All the 
characteristic diffraction peaks from CaCu3Ti4O12 
(JCPDS card no. 75-1149)12 can be detected. 
Additionally, a small amount of CuO phase can be 
observed in the XRD patterns of the 10%wt 
ceramics. Considering high temperature would 
cause the decomposition of (NaBi)0.5Cu3Ti4O12 
when sintered at the temperature of 1080°C, which 
is much higher than the normal sintering 
temperature. With the increase of the content of 
NBCTO, The figure 1 also shows the diffraction 
peak shift to lower angle direction. This can be 
considered for the lattice parameters of the 
(NaBi)0.5Cu3Ti4O12 is 7.41113, bigger than the the 
lattice parameters of CCTO, 7.397. 
 
Fig. 1 XRD patterns of CCTO-xNBCTO 
ceramic samples, (a)x=0, (b)x=0.01wt%, 
(c)x=0.05wt%, (d)x=0.1wt%. 
 
Different constituents CCTO-xNBCTO of the 
ceramic SEM were shown in fig. 2, (a) and (b) 
corresponding to x=0 and x=0.05, respectively. It 
was shown that the two sample had high surface 
density, with an irregular shape of grain. Compared 
with the sample of CCTO (a), the grain size of 
sample CCTO-5%NBCTO (b) was much bigger, 
after the addition of NBCTO. The high dielectric 
constant is then achieved by tuning the size of 
grains, similar as report by Marchin et al.11. 
 
 
Fig. 2 SEM images of ceramic samples for (a) 
CCTO, (b) CCTO-5%NBCTO samples. 
 
Fig. 3 illustrates the frequency dependence of  
and tan at room temperature for the CCTO-
NBCTO ceramics. All the samples in the low 
frequency have ultrahigh dielectric constant, more 
than 105. When frequency is greater than 10 kHz, 
The  of the composites sharply decreased and 
company by a large increase in tan which is 
mainly due to the dielectric relaxation process as 
reported in literature14. 
 
 
Fig. 3 Frequency dependence of dielectric 
properties of CCTO-xNBCTO ceramic samples. 
 
For capacitor applications, besides the values of 
 and tan, the temperature dependence of  in a 
certain temperature range must be considered. 




Figure 2 shows the temperature dependence of the 
dielectric properties of the samples at the working 
frequency of 1 kHz. The permittivity of CCTO-
NBCTO is obviously higher than that of CCTO, but 




Fig. 4 Temperature dependence of dielectric 
properties of CCTO-xNBCTO ceramic samples. 
 
It can be seen from the fig. 5 that the addition of 
NBCTO had inuenced on the impedance 
characteristic of the grain and grain boundary, 
especially the grain boundary (Rgb). Because 
CaCu3Ti4O12 ceramics are composed of the 
semiconductive grains and the insulative grain 
boundaries15, the content of grain boundaries in fine 
grain ceramic of CCTO is excessively more than 
the coarse grain ceramic of CCTO-NBCTO as 
illustrated fig. 2, then the Rgb of the ceramic was 
abruptly decreased with the addition of NBCTO. 
But the Rgb increased when the NBCTO 
concentration exceeds 5wt% may be due to the 
trace secondary phase that emerges at the grain 
boundary. 
 
Fig. 5 The impedance spectroscopy for CCTO-
xNBCTO ceramic samples at room temperature. 
 
Conclusions 
To conclude in this paper, CCTO and CCTO-
xNBCTO composites in different weight ratio of x 
were prepared. It was found that CCTO doped with 
5 wt% NBCTO gave the highest dielectric constant 
of 700,000 at 1 kHz, meanwhile, the dielectric 
properties was almost independent of temperature 
in the range from -20°C to 80°C, however, the loss 
tangent were increased dramatically with a further 
increase in temperature, above 80°C. 
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